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METHOD FOR MANUFACTURING SINTERED MAGNET AND SINTERED MAGNET

According to an exemplary embodiment of the

present invention, a manufacturing method of a magne-
sium alloy plate includes: preparing NdFeB-based pow-
ders by using a reduction-diffusion method; mixing the
NdFeB-based powders and rare-earth hydride powders;

FIG. 1

NdFeB
NdFeB +12.5 wt%NdH,

ir Irl

heat-treating the mixture at a temperature of 600 to 850
°C; and sintering the heat-treated mixture at a tempera-
ture of 1000 to 1100 °C, wherein the rare earth hydride
powders are NdH, powders or mixed powers of NdH,
and PrH,.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and benefits
of Korean Patent Application No. 10-2017-0160623 filed
in the Korean Intellectual Property Office on November
28, 2017, and Korean Patent Application No.
10-2018-0135441 filed in the Korean Intellectual Prop-
erty Office on November 06, 2018, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

Cross-reference with related application(s)

[0002] Thisapplication claims priority to and the benefit
of Korean Patent Application No. 10-2018-0135441 filed
in the Korean Intellectual Property Office on 11/6/2018,
the entire contents of which are incorporated herein by
reference.

[0003] The presentinvention relates to a sintered mag-
net and a manufacturing method thereof. More particu-
larly, the present invention relates to a manufacturing
method of a sintered magnet, which is performed by add-
ing a rare earth hydride as a sintering aid to a NdFeB-
based alloy powder prepared by a reduction-diffusion
method, and an NdFeB-based sintered magnet manu-
factured by such a method.

(b) Description of the Related Art

[0004] A NdFeB-based magnet, which is a permanent
magnet having a composition of acompound (Nd,Fe,,B)
of neodymium (Nd) as a rare earth element, iron (Fe),
and boron (B), has been used as a universal permanent
magnet for 30 years since its developmentin 1983. Such
NdFeB-based magnets are used in various fields such
as electronic information, automobile industry, medical
equipment, energy, and transportation. Particularly, they
are used in products such as machine tools, electronic
information devices, household electric appliances, mo-
bile phones, robot motors, wind power generators, small
motors for automobiles, and driving motors in accord-
ance with the recent lightweight and miniaturization
trend.

[0005] The general manufacture of NdFeB-based
magnetsis known as a strip/mold casting or melt spinning
method based on a metal powder metallurgy method.
First, in the case of the strip/mold casting method, it is a
process of melting a metal such as neodymium (Nd), iron
(Fe), or boron (B) by heating to produce an ingot, and
coarsely pulverized particles of crystal grains to form mi-
croparticles through a micronization step. This process
is repeated to obtain powders, which are subjected to a
pressing process and a sintering process under a mag-
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netic field to manufacture an anisotropic sintered magnet.
[0006] In addition, a melt spinning method is a method
in which metal elements are melted and then poured into
a wheel rotating at a high speed to quench, jet milled,
and then blended with a polymer to form a bonded mag-
net, or pressed to manufacture a magnet.

[0007] However, all of these methods require a pulver-
ization process, require a long time in the pulverization
process, and require a process to coat surfaces of the
powders after pulverization.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the invention and therefore it may
contain information that does not form the prior art that
is already known in this country to a person of ordinary
skill in the art.

SUMMARY OF THE INVENTION

[0009] The present disclosure has been made in an
effort to provide an NdFeB-based sintered magnet hav-
ing improved compactness by preventing main phase
decomposition of the NdFeB-based sintered magnet by
mixing rare earth hydride powders and NdFeB-based al-
loy powders prepared by a solid-phase reduction-diffu-
sion method, and heat-treating them.

[0010] An exemplary embodiment of the present in-
vention provides a manufacturing method of a sintered
magnet, including: preparing NdFeB-based powders by
using a reduction-diffusion method; mixing the NdFeB-
based powders and rare-earth hydride powders; heat-
treating the mixture at a temperature of 600 to 850 °C;
and sintering the heat-treated mixture at a temperature
of 1000 to 1100 °C, wherein the rare earth hydride pow-
ders are NdH, powders or mixed powers of NdH, and
PrH,.

[0011] A mixing weightratio may be in arange of 75:25
to 80:20 in the mixed powers of NdH, and PrH,. The
sintering of the heat-treated mixture at the temperature
of 1000 to 1100 °C may be performed for 30 min to 4 h.
[0012] A contentofthe rare earth hydride powders may
be in a range of 1 to 25 wt% in the mixing of the NdFeB-
based powders and the rare-earth hydride powders.
[0013] A size of the crystal grains of the manufactured
sintered magnet may be 1 to 10 pm.

[0014] A rare earth hydride may be separated into a
rare earth metal and H, gas, and the H, gas may be
removed in the heat-treating of the mixture at the tem-
perature of 600 to 850 °C.

[0015] Cu powders may be further contained in the
mixing of the NdFeB-based powders and the rare-earth
hydride powders.

[0016] A contentratioof the rare earth hydride powders
and the Cu powders may be 7:3 by weight.

[0017] The preparing of the NdFeB-based powders by
using the reduction-diffusion method may include: pre-
paring a first mixture by mixing a neodymium oxide, bo-
ron, and iron; preparing a second mixture by adding cal-
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cium to the first mixture and mixing them; and heating
the second mixture to a temperature of 800 to 1100 °C.
[0018] According to an exemplary embodiment of the
present invention, a sintered magnet may be manufac-
tured by using steps of: preparing NdFeB-based powders
by using a reduction-diffusion method; mixing the Nd-
FeB-based powders and rare-earth hydride powders;
heat-treating the mixture at a temperature of 600 to 850
°C; and sintering the heat-treated mixture at a tempera-
ture of 1000 to 1100 °C.

[0019] According to the exemplary embodiment of the
present invention, the sintered magnet may contain
Nd,Fe,,B, a size of the crystal grains thereof may be in
a range of 1 to 10 wm, and a content of the rare earth
hydride powders may be in a range of 1 to 25 wt%.
[0020] As described above, according to the present
exemplary embodiment, it is possible to manufacture a
NdFeB-based sintered magnet having improved com-
pactness by preventing main phase decomposition of
NdFeB-based alloy powders by mixing rare earth hydride
powders and the NdFeB-based alloy powders prepared
by a solid-phase reduction-diffusion method, and heat-
treating them.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 illustrates XRD patterns of a sintered magnet
manufactured in Example 3 (orange line, NdH, of
12.5 wt%) and a sintered magnet (black line) man-
ufactured in Comparative Example 3.

FIG. 2 illustrates a scanning electron microscope im-
age of a sintered magnet manufactured in Example
3.

FIG. 3 and FIG. 4 respectively illustrate an XRD pat-
tern and a scanning electron microscope image of
NdFeB-based magnet powders and NdH, powders
at different content ratios.

FIG. 5 illustrates measurement results of coercive
force, residual magnetization, and BH,,,, of a sin-
tered magnet manufactured by setting a contentratio
of NdH, to be 10 wt%.

FIG. 6 illustrates BH measurement results of sintered
magnets manufactured in Examples 4 and 5.

FIG. 7 illustrates an XRD result of the sintered mag-
net manufactured through Example 4, and FIG. 8
illustrates an XRD result of the sintered magnet man-
ufactured through Example 5.

FIG. 9 illustrates a BH measurement result of a sin-
tered magnet manufactured in Example 6.

FIG. 10illustrates a BH measurementresult of a sin-
tered magnet manufactured in Example 7.

FIG. 11 illustrates an XRD result of the sintered mag-
net manufactured through Example 6.

FIG. 12illustrates an XRD result of the sintered mag-
net manufactured through Example 7.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0022] A method of manufacturing a sintered magnet
according to an embodiment of the present invention will
now be described in detail. The manufacturing method
of the sintered magnet according to the present exem-
plary embodiment may be a manufacturing method of a
Nd,Fe44B sintered magnet. That is, the manufacturing
method of the sintered magnet according to the present
exemplary embodiment may be a manufacturing method
of a Nd,Fe-,B-based sintered magnet. The Nd,Fe,B
sintered magnets is a permanent magnet, and may be
referred to as a neodymium magnet.

[0023] The manufacturing method of the sintered mag-
net according to the present disclosure includes: prepar-
ing NdFeB-based powders by using a reduction-diffusion
method; mixing the NdFeB-based powders and rare-
earth hydride powders; heat-treating the mixture atatem-
perature of 600 to 850 °C; and sintering the heat-treated
mixture at a temperature of 1000 to 1100 °C,

[0024] The rare earth hydride powders are NdH, pow-
ders or mixed powers of NdH, and PrH,.

[0025] In this case, the sintering of the heat-treated
mixture at the temperature of 1000 to 1100 °C may be
performed for 30 min to 4 h.

[0026] In the manufacturing method of the sintered
magnet according to the present disclosure includes, the
NdFeB-based powders are formed by using a reduction-
diffusion method. Therefore, a separate pulverization
process such as coarse pulverization, hydrogen pulver-
ization, and jet milling, or a surface treatment process,
is not required. Further, the NdFeB-based powders pre-
pared by the reduction-diffusion method was mixed with
rare-earth hydride powders (NdH, powders or mixed
powers of NdH, and PrH,) to be heat-treated and sin-
tered to thereby form a Nd-rich region and a NdO, phase
at grain boundaries of the NdFeB-based powders and
the main phase grains. In this case, x may be in a range
of 1 to 4. Therefore, when the sintered magnet is manu-
factured by sintering magnet powders according to the
present embodiment, decomposition of main phase par-
ticles during a sintering process can be suppressed.
[0027] Hereinafter, each step will be described in more
detail.

[0028] First, the preparing of the NdFeB-based pow-
ders by using the reduction-diffusion method will be de-
scribed. The preparing of the NdFeB-based powders by
using the reduction-diffusion method may include: pre-
paring a first mixture by mixing a neodymium oxide, bo-
ron, and iron; preparing a second mixture by adding cal-
cium to the first mixture and mixing them; and heating
the second mixture to a temperature of 800 to 1100 °C.
[0029] The manufacturing method is a method of mix-
ing source materials such as a neodymium oxide, boron,
and iron, and forming Nd,Fe, 4B alloy powders at a tem-
perature of 800 to 1100 °C by reduction and diffusion of
the source materials. Specifically, a molar ratio of the
neodymium oxide, the boron, and the iron may be be-
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tween 1:14:1 and 1.5:14:1 in the mixture of the neodym-
ium oxide, the boron, and the iron. Neodymium oxide,
boron, and iron are source materials used for preparing
Nd,Fe,4,B metal powders, and when the molar ratio is
satisfied, Nd,Fe,,B alloy powder may be prepared with
a high yield. When the mole ratio is 1:14:1 or less, main
phase decomposition of NdFeB may occur and no Nd-
rich grain boundary phase may be formed, and when the
molar ratio is 1.5:14:1 or more, reduced Nd remains due
to the excess of an Nd amount, and the remaining Nd in
a post-treatment is changed to Nd(OH); or NdH,.
[0030] The heating of the mixture to the temperature
of 800 to 1100 °C may be performed for 10 min to 6 h
under an inactive gas atmosphere. When the heating
time is less than 10 min, the metal powders may not be
sufficiently synthesized, and when the heating time is
more than 6 h, a size of the metal powders becomes
large and primary particles may aggregate.

[0031] The metal powder thus prepared may be
Nd,Fe,4B. In addition, a size of the metal powders pre-
pared may be in a range of 0.5 to 10 wm. In addition, the
size of the metal powders prepared according to an ex-
emplary embodiment may be in a range of 0.5 to 5 um.
[0032] As a result, Nd,Fe B alloy powders are pre-
pared by heating the source materials at the temperature
of 800 to 1100 °C, and the Nd,Fe 4B alloy powders be-
come a neodymium magnet and exhibit excellent mag-
netic properties. Typically, for preparing the Nd,Fe 4B
alloy powders, the source materials is melted at a high
temperature of 1500 to 2000 °C and then quenched to
form a source material mass, and this mass is subjected
to coarse pulverization and hydrogen pulverization to ob-
tain the Nd,Fe,4B alloy.

[0033] However, such a method requires the high tem-
perature for melting the source materials, and requires
a process of cooling and then pulverizing the source ma-
terials, and thus the process time is long and complicated.
Further, the coarse-pulverized Nd,Fe44B alloy powders
require a separate surface treatment process in order to
enhance corrosion resistance and to improve electrical
resistance and the like.

[0034] However, whenthe NdFeB-based powders are
prepared by the reduction-diffusion method as in the
present exemplary embodiment, the Nd,Fe 4B alloy
powders are prepared by the reduction and diffusion of
the source materials at the temperature of 800 to 1100
°C. In this case, a separate pulverizing process is not
necessary since the size of the alloy powders is formed
at several micrometers. More specifically, the size of the
metal powders prepared in the present exemplary em-
bodiment may be in a range of 0.5 to 10 um. Particularly,
the size of the alloy powders prepared may be controlled
by controlling a size of the iron powders used as the
source material.

[0035] However, when the magnet powders are pre-
pared by the reduction-diffusion method, calcium oxide,
which is a by-product produced in the manufacturing
process, is formed and a process for removing the cal-
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cium oxide is required. In order to remove the calcium
oxide, the prepared magnet powders may be washed
using distilled water or a basic aqueous solution. The
prepared magnet powder particles are exposed to oxy-
genin the aqueous solution in this cleaning process such
that surface oxidation of the prepared magnet powder
particles by the oxygen remainingin the aqueous solution
is performed, to form an oxide coating on the surface
thereof.

[0036] This oxide coating makes it difficult to sinter the
magnet powders. In addition, a high oxygen content ac-
celerates main phase decomposition of the magnetic par-
ticles, thereby deteriorating the physical properties of the
permanent magnet. Therefore, it is difficult to manufac-
ture a sintered magnet using reduction-diffusion magnet
powders having a high oxygen content.

[0037] However, the manufacturing method according
to an exemplary embodiment of the present invention
improves sinterability of the manufactured sintered mag-
netand suppresses main phase decomposition by mixing
the rare earth hydride powders with the NbFeB-based
powders prepared by using the reduction-diffusion meth-
od, and heat-treating and sintering the mixture to form
Nd-rich regions and NdO, phases at grain boundaries
inside the sintered magnet or grain boundary regions of
the main phase grains of the sintered magnet. As aresult,
a high-density sintered permanent magnet having an Nd-
rich grain boundary phase may be manufactured.
[0038] Next, the NdFeB-based powders and the rare-
earth hydride powders are mixed. In the step, a content
of the rare earth hydride powders may be in a range of
1 to 25 wt%.

[0039] The rare earth hydride may contain single pow-
ders, and may be a mixture of different powders. For
example, the rare earth element hydride may contain sin-
gle NdH,. Alternatively, the rare earth hydride may be
mixed powders of NdH, and PrH,. When the rare earth
hydride is the mixed powders of NdH, and PrH,,

a mixing weight ratio may be in a range of 75:25 to 80:20.
[0040] When the content of the rare earth hydride pow-
ders is less than 1 wt%, sufficient wetting may not occur
between the particles as a liquid phase sintering aid, so
that the sintering may not be performed well and the Nd-
FeB main phase decomposition may not be sufficiently
suppressed. When the content of the rare earth hydride
powders is more than 25 wt%, a volume ratio of the Nd-
FeB main phase in the sintered magnet may decrease,
a residual magnetization value may decrease, and the
particles may be excessively grown by the liquid phase
sintering. When a size of the crystal grains increases due
to overgrowth of the particles, the coercive force is re-
duced becauseiitis vulnerable to magnetization reversal.
[0041] Preferably, the content of the rare earth hydride
powders may be in a range of 3 to 10 wt%.

[0042] Next, the mixture is heat-treated at a tempera-
ture of 600 to 850 °C. In this step, the rare earth hydride
is separated into a rare earth metal and hydrogen gas,
and the hydrogen gas is removed. For example, when
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the rare-earth hydride powders are NdH,, NdH, is sep-
arated into Nd and H, gases, and the H, gas is removed.
In other words, heat treatment at 600 to 850 °C is a proc-
ess of removing hydrogen from the mixture. In this case,
the heat treatment may be performed in a vacuum at-
mosphere.

[0043] Next, the heat-treated mixture is sintered at a
temperature of 1000to 1100 °C. In this case, the sintering
of the heat-treated mixture at the temperature of 1000 to
1100 °C may be performed for 30 min to 4 h. This sintering
process may also be performed in a vacuum atmosphere.
In this sintering step, liquid sintering by Nd is induced.
Specifically, the liquid sintering by Nd occurs between
the NdFeB-based powder prepared by the conventional
reduction-diffusion method and the added rare earth hy-
dride NdH, powders, and Nd-rich regions and NdO,
phases are formed at grain boundaries inside the sin-
tered magnet or grain boundary regions of the main
phase grains of the sintered magnet. The thus formed
Nd-rich regions or NdO, phases prevent the decompo-
sition of the main phase particles in the sintering process
for manufacturing the sintered magnet. Accordingly, a
sintered magnet may be stably manufactured.

[0044] The manufactured sintered magnet may have
a high density, and the size of the crystal grains may be
in arange of 1to 10 pm.

[0045] As such, in the sintered magnet according to
the exemplary embodiment of the present invention, Nd-
rich regions and NdO, phases are formed atgrain bound-
aries of the NdFeB-based powders or grain boundaries
of the main phase grains by mixing the rare earth hydride
powders with the NbFeB-based powders prepared by
using the reduction-diffusion method, and heat-treating
and sintering the mixture. These Nd-rich regions and
NdO, phases may improve sinterability of magnet pow-
ders and suppress decomposition of main phase parti-
cles during the sintering process.

[0046] A size of the crystal grains of the manufactured
sintered magnet may be 1 to 10 pum. In such a sintered
magnet, a Nd-rich region or a NdO, phase may be
formed. Accordingly, when a magnet is manufactured by
sintering magnet powders, it is possible to prevent main
phase decomposition inside the sintered magnet.
[0047] Hereinafter, a manufacturing method of the sin-
tered magnet according to an exemplary embodiment of
the present invention will be described.

Example 1: Formation of NdFeB-based magnet pow-
ders

[0048] 3.2000 g of Nd,03, 0.1 g of B, 7.2316 g of Fe,
and 1.75159 g of Ca are uniformly mixed with metal flu-
orides CaF, and CuF, for controlling fineness numbers
and sizes of particles thereof. They are contained in a
stainless steel container having any shape to be com-
pressed, and then the mixture is reacted in a tube electric
furnace at a temperature of 950 °C in an inert gas (Ar,
He, or the like) atmosphere for 0.5 to 6 h.
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[0049] Next, the reaction product is ground in a mortar
to separate it into fine particles through a process of sep-
aration, and then a cleaning process is performed to re-
move Ca and CaO as reducing by-products. For non-
aqueous cleaning, 6.5 to 7.0 g of NH,NOj is uniformly
mixed with the synthesized powders and then immersed
in 200 ml or less of methanol. For effective cleaning, a
homogenization and ultrasonic cleaning are alternately
repeated once or twice. The cleaning process is repeated
about twice with a same amount of methanol to remove
Ca(NO),, which is a product of reaction between the re-
maining CaO and NH,NO,. The cleaning process may
be repeated until clear methanol is obtained. Finally, rins-
ing with acetone followed by vacuum drying to complete
the washing, and then single Nd,Fe 4B powder particles
are obtained.

Example 2: Mixing with NdH,, and sintering

[0050] 10 to 25 % by mass of NdH, powders is mixed
with 8 g of NdFeB-based powder particles (Nd,Fe4B)
prepared by using the method described in Example 1.
As a lubricant, butanol is added thereto to be subjected
to magnetic field molding, and then a debinding process
is carried out in a vacuum sintering furnace at 150 °C for
1 h and 300 °C for 1 h. Next, a heat treatment process
is performed at 650 °C for 1 h as a dehydrogenation proc-
ess, and a sintering process is performed at 1050 °C for
1h.

Example 3: 12.5 wt% of NdH, used as a sintering aid

[0051] In Example 2, 12.5 wt% of NdH, is added to
manufacture a sintering magnet.

Comparative Example 1: No sintering aid used

[0052] No NdH, is mixed with the NdFeB-based mag-
netic powders prepared in Example 1, and as a lubricant,
butanol is added thereto to be subjected to magnetic field
molding, and then a debinding process is carried out at
150 °C for 1 h and 300 °C for 1 h. Next, a heat treatment
process is performed at 650 °C for 1 h in a vacuum sin-
tering furnace, and a sintering process is performed at
1050 °C for 1 h.

Example 4: Mixing and sintering using mixed powder
of NdH, and PrH,

[0053] In order to prepare
Ndj oFe13BGag 01.0.05Al0.05CU0.05: 33.24 g of NdyO3,
1.04 g of B, 0.40 g of AlF5, 0.65 g of CuCl,, and 0.12 g
of GaF; are inserted into a Nalgene bottle to be mixed
with a paint shaker for 30 min, then 69.96 g of Fe is in-
serted thereto to be mixed with a paint shaker for 30 min,
and finally 16.65 g of Ca is inserted thereto to be mixed
with a tubular mixer for 1 h.

[0054] Next, the mixture is inserted into a SUS tube
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having an interior surrounded by a carbon sheet, and is
reacted at 950 °C in an inert gas (Ar or He) environment
in a tube electric furnace for 10 min. The powders are
inserted into ethanol containing ammonium nitrate and
are cleaned for 10 to 30 min by using a homogenizer,
then the cleaned powders, ethanol, zirconia balls (weight
ratio of 6 times compared to the powders), and ammo-
nium nitrate (1/10 of an amount used in the initial clean-
ing) are inserted, and then the powder particles are pul-
verized with a tubular mixer to be cleaned and dried with
acetone.

[0055] 10 to 12 wt% of (Nd+Pr)H, powders (powders
in which NdH, and PrH, pulverized in a dried or hexane
atmosphere are mixed at a ratio of 75:25 or 80:20) are
added into 8 g of Nd-based powders, butanol (or Zn stea-
rate) as a lubricant is added thereto to be subjected to
magnetic field molding, and the mixture is sintered in a
vacuum sintering furnace at 1030 °C for 2 h.

Example 5: Mixing and sintering using single pow-
ders of NdH,

[0056] 10 % to 25 % by mass of NdH, powders is mixed
with 8 g of Nd-based powders prepared in a same manner
as in Example 4, butanol as a lubricant is added thereto
to be subjected to magnetic field molding, and the mixture
is sintered in a vacuum sintering furnace at 1050 °C for
1h.

Example 6: Mixing and sintering (3 %) with different
contents of NdH,

[0057] Inorderto prepare Nd, sFe 3 3B4 1Cug g5Alg 15,
37.48 g of Nd,O4, 1.06 g of B, 0.28 g of Cu, and 0.36 g
of Al are inserted into a nalgene bottle to be mixed with
a paint shaker for 30 min, then 66.17 g of Fe is inserted
thereto to be mixed with a paint shaker for 30 min, and
finally 20.08 g of Ca is inserted thereto to be mixed with
a tubular mixer for 1 h.

[0058] Next, the mixture is inserted into a SUS tube
having an interior surrounded by a carbon sheet, and is
reacted at 950 °C in an inert gas (Ar or He) environment
in a tube electric furnace for 10 min. The powders are
inserted into ethanol containing ammonium nitrate and
are cleaned for 10 to 30 min by using a homogenizer,
then the cleaned powders, ethanol, zirconia balls (weight
ratio of 6 times compared to the powders), and ammo-
nium nitrate (1/10 of an amount used in the initial clean-
ing) are inserted, and then the powder particles are pul-
verized with a tubular mixer to be cleaned and dried with
acetone.

[0059] 3 wt% of NdH, powders is added into 8 g of Nd-
based powders prepared in the same manner as in Ex-
ample 4, butanol as a lubricant is added thereto to be
subjected to magnetic field molding, and the mixture is
sintered in a vacuum sintering furnace at 1030 °C for 2 h.
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Example 7: Mixing and sintering (5%) with different

contents of NdH,

[0060] 8 g of Nd-based powders is prepared in the
same manner as in Example 6. 5 wt% of NdH2 powders
is added into 8 g of Nd-based powders prepared in the
same manner as in Example 4, butanol as a lubricant is
added thereto to be subjected to magnetic field molding,
and the mixture is sintered in a vacuum sintering furnace
at 1030 °C for 2 h.

Evaluation Example 1

[0061] XRD patterns of the sintered magnet (orange
line) manufactured in Example 3 and the sintered magnet
(black line) manufactured in Comparative Example 1 are
illustrated in FIG. 1. In addition, a scanning electron mi-
croscope image of the sintered magnet manufactured in
Example 3 is illustrated in FIG. 2.

[0062] Referring to FIG. 1, Comparative Example 1
(black line) in which NdH, is not added shows an alpha-
Fe peak caused by NdFeB main phase decomposition.
However, Example 3 (orange line) in which NdH, is add-
ed does not show an alpha-Fe peak caused by NdFeB
main phase decomposition. As a result, it can be seen
that the NdFeB main phase decomposition of the man-
ufactured sintered magnet is suppressed by the addition
of NdHs,.

[0063] Referringto FIG. 2, it can be confirmed that the
sintered magnet manufactured in Example 3 is uniformly
sintered at a high density.

[0064] Through Example 2 and Comparative Example
1, a constant amount of NdH, shows the effect of sup-
pressing the decomposition of the NdFeB main phase
decomposition and imparting sinterability to improve the
compactness.

Evaluation Example 2

[0065] XRD patterns and scanning electron micro-
scope images were evaluated at different content ratios
of the NdFeB magnet powders and NdH, powders.
[0066] FIG.3illustrates an XRD patternand a scanning
electron microscope image when 25 % of NdH, is con-
tained. Referring to FIG. 3, it can be seen that when 25
% of NdH, is contained, no alpha-Fe peak is observed,
so the NdFeB main phase decomposition is suppressed,
and itcan be seen thata dense sintered magnet is formed
even in a scanning electron microscopic image.

[0067] FIG. 4 illustrates a result of using powders in
which NdH, and Cu are mixed at a ratio of 7:3 instead of
NdH,. Referringto FIG. 4, in this case, it can be confirmed
that no alpha-Fe peak is observed, similar to FIG. 1 and
FIG. 3. As a result, it can be confirmed that the NdFeB
main phase decomposition is suppressed. It can be con-
firmed from the scanning electron microscope image that
a size of the crystal grains is observed to be larger than
a case of using single NdH, powders, and grain coars-
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eningis achieved by promoting the sintering of the NdFeB
particles while making a Nd-Cu eutectic fusion alloy.
[0068] It can be confirmed through the result of Eval-
uation Example 2 that the NdFeB main phase decompo-
sitionis suppressed and the sinterability isimproved even
when the content of NdH,, is changed or the mixture with
Cu is used within a description range of the present in-
vention.

Evaluation Example 3

[0069] Coercive force, residual magnetization, and BH
max of the sintered magnet manufactured through Ex-
ample 2 are measured and are illustrated in FIG. 5.
[0070] 10 wt% of NdH, is added into NdFeB-based
magnetic powders to be sintered, the residual magneti-
zation value is 12.11 kG, the coercive force is 10.81 kOe,
and the BH max value is 35.48 MGOe (megagauss oer-
steds).

Evaluation Example 4

[0071] BH ofthe sintered magnets manufactured in Ex-
amples 4 and 5 are measured and are illustrated in Table
1 and FIG. 6. XRD results of the sintered magnets man-
ufactured through Examples 4 and 5 are illustrated in
FIG. 7 and FIG. 8. FIG. 7 illustrates an XRD result of the
sintered magnet manufactured through Example 4, and
FIG. 8 illustrates an XRD result of the sintered magnet
manufactured through Example 5.

(Table 1)
Example 4 Example 5
10 wt% (Nd+Pr)H, | 10 wt% NdH,
Br 12.24 kG 12.11 kG
Hg; 10.97 kOe 10.81 kOe
BHpax | 36.40 MGOe 35.48 MGOe

Evaluation Example 5

[0072] BH ofthe sintered magnets manufactured in Ex-
amples 6 and 7 are measured and are illustrated in Table
2and FIG.9andFIG. 10. FIG. 9 corresponds to Example
6, and FIG. 10 corresponds to Example 7. XRD results
ofthe sintered magnets manufactured through Examples
6 and 7 are illustrated in FIG. 11 and FIG. 12. FIG. 11
illustrates an XRD result of the sintered magnet manu-
factured through Example 6, and FIG. 12 illustrates an
XRD result of the sintered magnet manufactured through
Example 7.

[0073] Thus, within the scope of the presentinvention,
it is possible to confirm that it has an excellent effect even
at different contents of NdH,.
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(Table 2)
3wt% NdH, | 5wt% NdH,

Br 12.30 kG 12.42 kG

Hy 12.23 kOe 12.37 kOe

BHyax | 38.29 MGOe | 38.88 MGOe

[0074] As described above, the manufacturing method
according to the present disclosure improves sinterability
of the prepared magnet powders and suppresses de-
composition of main phase particles in the sintering proc-
ess by mixing the NbFeB-based powders prepared by
using the reduction-diffusion method with the NdH, pow-
ders, and heat-treating and sintering the mixture. Accord-
ingly, when a magnet is manufactured by sintering mag-
net powders, it is possible to prevent main phase decom-
position inside the magnet powders.

[0075] While this invention has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
spirit and scope of the appended claims.

Claims

1. A manufacturing method of a sintered magnet, the
method comprising:

preparing NdFeB-based powders by using a re-
duction-diffusion method;

mixing the NdFeB-based powders and rare-
earth hydride powders;

heat-treating the mixture ata temperature of 600
to 850 °C; and

sintering the heat-treated mixture at a tempera-
ture of 1000 to 1100 °C,

wherein the rare earth hydride powders are
NdH, powders or mixed powers of NdH, and
PrH,.

2. The manufacturing method of claim 1, wherein
a mixing weight ratio is in a range of 75:25 to 80:20
in the mixed powers of NdH, and PrH,.

3. The manufacturing method of claim 1, wherein
the sintering of the heat-treated mixture at the tem-
perature of 1000 to 1100 °C is performed for 30 min
to4 h.

4. The manufacturing method of claim 1, wherein
in the mixing of the NdFeB-based powders and rare-
earth hydride powders,
a content of the rare earth hydride powders is in a
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range of 1 to 25 wt%.

The manufacturing method of claim 1, wherein
a size of the crystal grains of the manufactured sin-
tered magnetis 1 to 10 um.

The manufacturing method of claim 1, wherein

In the heat-treating of the mixture at a temperature
of 600 to 850 °C,

a rare earth hydride is separated into a rare earth
metal and H, gas, and the H, gas is removed.

The manufacturing method of claim 1, wherein

in the mixing of the NdFeB-based powders and rare-
earth hydride powders,

Cu powders are further contained.

The manufacturing method of claim 7, wherein
a content ratio of the rare earth hydride powders and
the Cu powders is 7:3 by weight.

The manufacturing method of claim 1, wherein
The preparing of the NdFeB-based powders by using
the reduction-diffusion method may include:

preparing a first mixture by mixing a neodymium
oxide, boron, and iron;

preparing a second mixture by adding calcium
to the first mixture and mixing them; and
heating the second mixture to a temperature of
800 to 1100 °C.

A sintered magnet manufactured by using the man-
ufacturing method according to any one of claim 1
to claim 9.

A sintered magnet comprising

Nd,Fe 4B,

wherein a size of the crystal grains is in a range of
1to 10 pm, and

a content of added rare earth hydride powders is in
a range of 10 to 25 wt%.
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